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Abstract

Objective

The Spanish health system is made up of seventeen regional health systems. Through the

official reporting systems, some inconsistencies and differences in case fatality rates

between Autonomous Communities (CC.AA.) have been observed. Therefore the objective

of this paper is to compare COVID-19 case fatality rates across the Spanish CC.AA.

Material and methods

Observational descriptive study. The COVID-19 case fatality rate (CFR) was estimated

according to the official records (CFR-PCR+), the daily mortality monitory system (MoMo)

record (CFR-Mo), and the seroprevalence study ENE-COVID-19 (Estudio Nacional de sero

Epidemiologia Covid-19) according to sex, age group and CC.AA. between March and June

2020. The main objective is to detect whether there are any differences in CFR between

Spanish Regions using two different register systems, i. e., the official register of the Ministry

of Health and the MoMo.

Results

Overall, the CFR-Mo was higher than the CFR-PCR+, 1.59% vs 0.98%. The differences in

case fatality rate between both methods were significantly higher in Castilla La Mancha,

Castilla y León, Cataluña, and Madrid. The difference between both methods was higher in

persons over 74 years of age (CFR-PCR+ 7.5% vs 13.0% for the CFR-Mo) but without sta-

tistical significance. There was no correlation of the estimated prevalence of infection with

CFR-PCR+, but there was with CFR-Mo (R2 = 0.33). Andalucı́a presented a SCFR below 1
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with both methods, and Asturias had a SCFR higher than 1. Cataluña and Castilla La Man-

cha presented a SCFR greater than 1 in any scenario of SARS-CoV-2 infection calculated

with SCFR-Mo.

Conclusions

The PCR+ case fatality rate underestimates the case fatality rate of the SARS-CoV- 2 virus

pandemic. It is therefore preferable to consider the MoMo case fatality rate. Significant dif-

ferences have been observed in the information and registration systems and in the severity

of the pandemic between the Spanish CC.AA. Although the infection prevalence correlates

with case fatality rate, other factors such as age, comorbidities, and the policies adopted to

address the pandemic can explain the differences observed between CC.AA.

Introduction

The spread of the pandemic of the severe acute respiratory syndrome coronavirus 2 (SARS-

CoV- 2) has affected, up to October 2020, more than 37 million people in 188 countries, and

has caused more than one million deaths worldwide [1]. The distribution of the infection is

being very heterogeneous, not only across countries but also within nations. The reasons for

this variability have not been explained yet [2,3]. Spain is no exception, and ranks seventh in

terms of number of confirmed cases, with more than 800,000 cases, and eighth in terms of

deaths, with about 33,000 [4,5]. In Spain, the National Health System (NHS) is characterized

by the division of competences between the State Administration and the Autonomous Com-

munities (CC.AA.) with the management of most public health and health care competences

transferred to the CC.AA.

The distribution of the pandemic is heterogeneous, and so is its severity [2]. The mortality

rates and case fatality rates differ widely due not only to an unequal spread of the infection and

the different sociodemographic characteristics of populations, but also to the varying criteria

for the identification of deceases, cases and infections [6–8]. While this diagnosis variability

has been minimized as a result of having centralized the management of the first wave of the

pandemic in the Ministry of Health, differences have been observed in the distribution and

severity of the infection across CC.AA. [9].

In order to estimate the case fatality rate, it is necessary to know the prevalence of infection

in the population. This prevalence has been estimated in Spain with the publication of the

seroprevalence study ENE-COVID-19 [10]. This is an epidemiological study stratified by age,

sex, and CC.AA., conducted between late April and early May in non-institutionalized popula-

tion, which estimated the infection prevalence through IgG antibody detection in a sample of

more than 60,000 people. Using these data, the case fatality rate in Spain, taking into account

only the cases detected with RT-PCR (Reverse Transcription-Polymerase Chain Reaction),

was 9.6 deaths per 1,000 infected, ranging from 1/1,000 in the autonomous city of Melilla and

26.6/1,000 in La Rioja [11].

However, the register of deaths only by detection of PCR+ probably underestimates the

true scale of the pandemic’s case fatality rate. Thus, the daily mortality monitoring system

(MoMo), which analyzes observed and estimated mortality according to a historical series of

more than 10 years, registers an excess mortality in Spain during the period March to May

2020 above 56%, with about 45,000 deaths more than expected [12]. Therefore there would be
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a difference of more than 17,000 deaths between the official records and the estimations by

excess deaths. Nevertheless, this excess mortality may include the direct and indirect causes of

SARS-CoV-2 as well as other unrelated causes which would be reduced by the decrease in

deaths due to causes modified by the lockdown of the population [13,14].

With the aim of studying the differences in the SARS-CoV-2 pandemic’s severity in Spain,

this study analyzes and compares the differences between the case fatality rate estimated from

official deaths (CFR-PCR+) and the one estimated from the MoMo register (CFR-Mo) in the

Spanish CC.AA., as well as the relationship between infection prevalence and case fatality rate

by both models.

Material and methods

An observational descriptive study has been conducted using the available information on

COVID-19 published by the Spanish Ministry of Health and by the Regions, and published by

the daily Mortality Monitoring (MoMo) register on excess deaths [12,15]. The data collected

come from the Spanish Ministry of Health and are harmonized for all Spanish Regions and are

collected within a window of one week, in order to minimize the possible bias in the report of

cases and deaths by the Regions. The MoMo data were collected from de National Register of

Deaths published by Carlos III Health Institute, and include a daily monitoritation of all death

causes. Since 2020, this data collected all death causes from 3,929 computerized civil registries,

representing 92% of the Spanish population. Estimates of expected mortality are made using

restrictive models of historical means based on the mortality observed from January 1, 2008 to

one year prior to the current date, from the National Institute of Statistics. We have carried

out analyses stratified by sex, age groups (<65 years, 65–74 years, and older than 74), and CC.

AA. Since the data of the different epidemiological series of the COVID-19 pandemic are pro-

vided by decades, it was necessary to assume that both deaths and infections in the ranges 60–

69 years and 70–79 years were evenly distributed, re-allocating them proportionally to the

ranges <65 years, 65–74 years, and older than 74 years.

Prevalence of SARS-CoV-2 infection

From the data on prevalence of positive IgG antibody tests of the ENE-COVID-19 study (10),

the infection prevalence was estimated considering the validity of the test used in a scenario of

82.1% sensitivity and 100% specificity for the detection of SARS-CoV-2-specific IgG antibod-

ies. The infection prevalence was calculated by sex and age groups for each CC.AA. The results

on prevalence are expressed in percentage with the corresponding 95% confidence intervals.

Estimated number of SARS-CoV-2 infections

It was calculated multiplying the estimated infection prevalence by the corresponding popula-

tion for each level of analysis (sex, age group, and CC.AA.) obtained from the database of the

Spanish National Statistics Institute (INE) on 1 January 2020 [16].

Deaths

In the Spanish register system, every person who dies with a positive diagnostic result for

SARS-CoV-2 was considered a death attributable to covid19, and that is how it has been con-

sidered for the analysis. The number of deaths for the calculation of CFR-PCR+ was obtained

from the information provided by the Ministry of Health during the week of 11 to 16 May

2020. The number of deaths by sex and age ranges of the different CC.AA was obtained from

an internet search on the different web pages of Public Health and of the Health Departments
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of the CC.AA. The data used in this analysis were adjusted to the epidemiological situation of

each CC.AA in the week of 11 to 16 May 2020. The date of collection of data on cases and

deaths was chosen on purpose to make it coincide with the completion of ENE-Covid19 (data

collection between 2020/04/27 and 2020/05/11), and therefore, with the highest infection inci-

dence known at that time.

From the daily reports of the MoMo system, the excess deaths from the state of alert to 6

July 2020 were obtained for each CC.AA and according to sex and age group, selecting those

dates which presented a higher number of excess deaths in each case [12].

Case fatality rate

The CFR-PCR+ was calculated by dividing the number of deaths announced by the Ministry

of Health by the total number of people infected for each level of analysis (CC.AA, sex and age

group). On the other hand, the CFR-Mo was obtained by dividing the excess deaths by the

total number of people infected for each level of analysis (CC.AA, sex and age group). In both

cases the case fatality rate was expressed as a ratio per 100 estimated infections in the popula-

tion, and was calculated both for the mean and for the upper and lower ranges of the 95% CI

of the infection prevalence reported by the ENE-COVID-19 for each level of analysis.

Standardized case fatality ratio

By applying the case fatality rate for each age group obtained for the total of Spain, the

expected deaths were estimated for each CC.AA. Thus, the standardized case fatality ratio was

obtained, together with its corresponding 95% CI by the two methods (CFR-PCR+ and

CFR-Mo) with the program EPIDAT [17].

Correlation between prevalence of infection and case fatality rate

In order to estimate the correlation between the CFR-PCR+ and the CFR-Mo with the preva-

lence of infection, linear regression techniques were used for an independent variable adjust-

ing for population and stratifying by CC.AA and age groups (program STATA) [18].

Spearman’s Rho was also used to analyze the correlation of the estimated infection prevalence

with the case fatality rate of the CC.AA and for each age group.

Ethical considerations

This study was conducted following the protocols and guidelines of good clinical practice

according to current legislation.

Results

The estimated prevalence of SARS-CoV-2 infection was 5.9% (5.5%-6.4%), with an estimated

total number of infections of 2,798,444 (Table 1). The official number of deaths from COVID-

19 stood at 26,736, whereas the excess deaths estimated by MoMo rose to 44,676 (Table 2).

Based on these data, the estimated CFR-PCR+ was 0.98% (0.91–1.04) and the CFR-Mo was

1.59% (1.48–1.69) (Fig 1). There were relevant differences in case fatality rates between CC.AA

by both methods, ranging from the minimum of 0.26% and 0.25% of Islas Canarias and the

maximum of 2.82% and 2.44% of La Rioja (CFR-PCR+ and CFR-Mo, respectively). The

CFR-Mo was significantly higher to CFR-PCR+ in Castilla La Mancha, Castilla y León, Cata-

luña, and Madrid. However, it was lower, though not significantly, in Canarias, Galicia, Islas

Baleares, and La Rioja (Fig 1).
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Gender

No differences were observed between men and women in the estimated prevalences of SARS-

CoV-2 infection (5.9%; 5.4–6.4 vs 6.0%; 5.5–6.5). Nevertheless, the CFR-PCR+ was signifi-

cantly higher in men (10.5%; 0.97–1.14) as compared with women (0.90%; 0.83–0.97), whereas

the CFR- Mo did not show significant differences (1.62%; 1.50–1.70 in men and 1.55%; 1.44–

1.68 in women). Overall, we can assume that the distribution of the case fatality rate by sex in

the different CC.AA reproduces what has been seen in the global analysis (Table 2).

Age

There were no significant differences in the estimated prevalences of SARS-CoV-2 infection

when analyzed by age groups (5.8%, 7.7%, and 6.2% for those younger than 65 years, 65–74

years, and older than 74 years, respectively) (Table 1). The estimated infections and deaths are

presented in Table 3. The analysis by age groups showed that the case fatality rate in those

under the age of 65 was approximately 1/1000 infections, regardless of the method used

(0.09% [0.08–0.12] and 0.10% [0.09–0.13]; CFR-PCR+ and CFR-Mo, respectively); 1/100 in

those between 65 and 74 years old, but with significant differences according to the method

Fig 1. Case fatality rate with their ranges according to prevalence of infection calculated by official number of deaths (PCR+) and by excess mortality

(MoMo) in the different Autonomous Communities (CC.AA).

https://doi.org/10.1371/journal.pone.0260769.g001

PLOS ONE Case fatality rate of SARS-CoV-2 infection in the Spanish Autonomous Communities

PLOS ONE | https://doi.org/10.1371/journal.pone.0260769 December 3, 2021 7 / 17

https://doi.org/10.1371/journal.pone.0260769.g001
https://doi.org/10.1371/journal.pone.0260769


used (0.91% [0.76–1.10] and 1.44% [1.20–1.74]; CFR-PCR+ and CFR-Mo, respectively); and 1/

10 in those over the age of 74, but with non-significant differences according to the method

used (7.5% [5.0–9.7] and 13.0% [8.7–16.8]; CFR-PCR+ and CFR-Mo, respectively).

The differences observed in the estimated case fatality rate by the two methods (CFR-PCR

+ or CFR-Mo) increase with age, so that, though they are not significant in those under 65

(0.09 [0.08–0.12] vs 0.10 [0.09–0.13]), they are significant in those between 65 and 74 (0.91

[0.76–1.10] vs 1.44 [1.20–1.74]), and the CFR-Mo nearly doubles the CFR-PCR+ in those

older than 74 (7.5 [5.0–9.7] vs 13.0 [8.7–16.8]). The same can be seen in the CC.AA (Table 3

and Fig 2).

Standardized case fatality ratio

In the analysis of the standardized case fatality ratio (SCFR) (Fig 3), only two CC.AA present

similar results with both methods of case fatality rate estimation. Andalucı́a was the only CC.

AA where the number of deaths observed with both methods is significantly lower than

expected (SCFR by PCR+ 0.54 [0.66–0.71] and SCFR by MoMo 0.46 [0.61–0.56]). On the

other hand, Asturias was the only Region where the number of deaths observed is significantly

higher than expected (SCFR-PCR+ 1.41 [1.10–1.97] and SCFR-Mo 1.31 [1.05–1.77]). In the

case of SCFR-Mo, Cataluña 1.29 [1.57–1.23] and Castilla La Mancha 1.43 [1.72–1.10] pre-

sented values higher than 1 both in the upper and lower ranges of estimated SARS-CoV-2

infection.

Table 3. Death figures and case fatality rates according to official data calculated according to excess mortality, by Autonomous Communities (CC.AA.) and age

groups.

CC.

AA

Under age 65 Age 65 to 74 Age 75 and older

Official Data MoMo Mortality Official Data MoMo Mortality Official Data MoMo Mortality

D CFR UR LR D CFR UR LR D CFR UR LR D CFR UR LR D CFR UR LR D CFR UR LR

AND 166 008 0.13 0.04 206 010 0.17 0.06 204 066 112 039 119 038 065 023 911 40 101 25 1371 59 151 37

ARA 73 013 028 006 69 012 027 005 98 095 210 045 82 080 176 038 688 77 226 27 813 91 267 32

AST 17 010 038 002 16 009 036 002 38 202 1,212 035 42 223 1,339 039 262 111 277 49 405 171 429 76

CAN 10 006 017 002 0 000 000 000 24 114 343 032 12 057 171 016 174 55 233 13 181 58 242 14

CAT 454 011 018 007 576 014 023 009 635 087 137 056 1304 179 281 115 4886 83 159 45 9955 169 323 92

CEU 0 000 000 000 1 008 038 002 0 NA NA NA 3 NA NA NA 4 NA NA NA 7 NA NA NA

CLM 278 014 021 010 408 020 030 015 140 037 056 027 690 180 278 133 2478 108 160 56 4272 187 276 97

CVA 130 011 027 005 96 008 020 004 237 106 197 047 248 111 206 050 1019 59 262 20 1394 81 359 28

CYL 186 012 019 009 131 009 013 006 117 044 069 032 311 117 183 086 1633 57 103 32 3166 111 200 62

EXT 45 017 050 008 0 000 000 000 30 040 101 021 58 077 195 041 425 55 153 20 652 85 234 31

GAL ND ND ND ND 0 000 000 000 ND ND ND ND 16 018 030 007 ND ND ND ND 460 31 97 14

IBA 27 010 033 003 0 000 000 000 35 093 332 027 56 149 531 043 162 48 273 09 122 36 206 07

ICA 17 004 011 001 39 010 026 003 33 120 361 041 56 204 613 070 103 28 556 13 52 14 281 06

LRI 41 039 106 015 16 015 041 006 28 252 523 060 18 162 336 039 298 659 2,417 54 214 473 1,000 39

MAD 593 008 013 005 909 013 020 008 1288 114 192 083 1842 162 274 119 6640 107 145 40 11448 185 251 70

MEL 0 000 000 000 ND ND ND ND 0 000 000 000 ND ND ND ND 2 NA NA NA ND ND ND ND

MUR 11 006 015 001 0 000 000 000 13 NA NA NA 67 NA NA NA 121 NA NA NA 205 NA NA NA

NAV 24 007 015 003 13 004 008 002 63 105 391 056 72 120 447 064 424 55 219 25 590 77 305 34

PVA 159 021 046 009 110 014 032 006 254 173 333 079 152 104 199 047 1172 78 264 31 1314 87 296 35

SPAIN 2097 009 012 008 2308 010 013 009 3237 091 110 076 5132 144 174 120 21402 75 97 50 37236 130 168 87

D = number of deaths; CFR = case fatality rate per 100 infections; UR and LR = Upper and lower ranges of the 95% confidence interval. NA = not applicable; ND = data

not reported.

https://doi.org/10.1371/journal.pone.0260769.t003
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Fig 2. Case fatality rates with ranges according to prevalence of infection and age groups calculated by official number of deaths (PCR+) and by excess

mortality (MoMo) in the different Autonomous Communities (CC.AA).

https://doi.org/10.1371/journal.pone.0260769.g002

Fig 3. Distribution of the standardized case fatality ratio (SCFR) and ranges according to prevalence of infection calculated from de ENE-COVID-19 study

and adjusted for age group in the different Autonomous Communities (CC.AA).

https://doi.org/10.1371/journal.pone.0260769.g003
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Correlation between prevalence of infection and case fatality rate

Fig 4 shows the charts with the correlations between the estimated infection prevalence and

the case fatality rates of the CC.AA. In the case of the fatality rate estimated from official deaths

attributed to COVID-19, the correlations are moderate and even negative in some cases

(Table 4), so that the case fatality rate is not explained by the estimated infection prevalence. In

the case of the fatality rate estimated from MoMo, the correlation with the estimated infection

prevalence is relevant, so that the higher the infection prevalence the higher the case fatality

rate (Table 4 and Fig 4). In the case of the correlation between the estimated infection preva-

lence and the case fatality rate of people over 74 years of age, the correlation adjusting by

Fig 4. Correlation between prevalence of infection and case fatality rates by age groups calculated for the official number of deaths (PCR+) and the

number of deaths by excess mortality (MoMo). The straight line represents the linear regression line, and the curves represent the 95% confidence interval of

the regression line.

https://doi.org/10.1371/journal.pone.0260769.g004

Table 4. Correlation between case fatality rate and prevalence of infection by age groups.

Global Age 18–64 Age 65–74 Age >74

CFR_PCR+ CFR-Mo CFR_PCR+ CFR-Mo CFR_PCR+ CFR-Mo CFR_PCR+ CFR-Mo

Spearman’s

Rho

0,449 0,584 0,329 0,458 -0,621 0,134 0,085 0,255

Coefficient

Sig (bilateral) 0,054 0,009 0,198 0,086 0,010 0,609 0,753 0,323

N 19 19 17 15 16 17 16 17

R2 00,380 02,297 00,256 03,228 01,347 04,172 01,037 00,055

Adjusted R2 00,905 03,299 00,029 03,472 00,324 02,273 00,213 03,548

CFR_PCR+ = Case fatality rate with PCR. CFR-Mo = Case fatality rate with MoMo. N = number of Autonomous

Communities included in the analysis. R2 = correlation coefficient.

https://doi.org/10.1371/journal.pone.0260769.t004
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population indicates that the prevalence of infection explains 35% of the mortality (Spearman’s

rho without including La Rioja of 0.479; p = 0.071).

Discussion

A group of Spanish researchers [19] requested some months ago an independent assessment

of the Spanish response to the SARS-CoV-2 pandemic, because it has hit Spain very hard and

the number infections and deaths cannot be understood in a country that has a well-developed

healthcare system. A previous paper which analyzed the case fatality rate with the available offi-

cial data revealed the heterogeneity in case fatality rates among the different CC.AA, and the

need to carry out a study which tried to explained the reason for these differences [20]. The

restrictive criteria for the inclusion of COVID-19 deaths in the official statistics, and the little

correlation between infection prevalence and case fatality rate suggested the need for a differ-

ent approach that included in some ways the actual deaths and not only the official ones. In

this new paper, the starting hypotheses have been confirmed, and we can affirm that the case

fatality rate estimated with the official deaths exclusively is about 50% below the one calculated

with the excess mortality of the MoMo system (0.98% vs 1.59%). And indeed there is a positive

correlation between case fatality rate and the estimated prevalences of SARS-CoV-2 infection

if analyzed with excess mortality. Likewise, large differences can be seen between the case fatal-

ity rates estimated from official announced deaths and deaths detected with the excess mortal-

ity between the CC.AA, with a close agreement in some cases and a great discrepancy in

others.

The main determinant of the case fatality rates calculated in our study is the estimated

infection prevalence, based in this case on the ENE-COVID-19 study, and which has shown

the large heterogeneity of infection prevalence by CC.AA as seen in other European studies

[10]. The varying criteria for establishing the cause of death, the methodological variability,

and the socio- demographic characteristics such as predominance of ageing population in

Lombardy and in some Spanish CC.AA also determine the case fatality rate of the SARS-CoV-

2 infection [20–22]. Pastor-Barriuso et al. [23] have recently published with a similar method-

ology lower case fatality rate results than our study (0.83% and 1.07% vs 0.98% and 1.59% for

CFR-PCR+ and CFR-Mo, respectively). In the study by Pastor-Barriuso the estimated deaths

of institutionalized population are excluded, and the calculation of infected population from

the ENE-COVID-19 study data does not take into account the validity of the test used. A

meta-analysis conducted by Cochrane shows that the validity of the tests has been studied pref-

erably in hospitalized population, and thus there are reasonable doubts about their accuracy

when applied in general population [24]. It is also known that, in some asymptomatic patients,

the levels of IgG antibodies are not detectable until the second or third week after disease

onset, and in addition these decrease very soon, both factors being responsible for the possible

false negatives [25,26]. We consider that the estimation of the infected population taking into

account the internal validity of the ENE-COVID-19 study (82.1% sensitivity and 100% speci-

ficity) offers a more accurate approximation to the actual seroprevalence. Similarly, we con-

sider that the inclusion of institutionalized patients in the calculation of case fatality rates

allows a better approximation to the severity of the pandemic. The estimated total number of

persons living in nursing homes in Spain is 334,310 (0.7% of the overall population), and the

number of deaths in Spanish nursing homes during the first wave of the pandemic, according

to the data obtained from the publication of the CC.AA´ records, was more than 27,000; in

addition, the number of cases attributed to COVID-19 exceeds 19,000 (about 70% of official

deaths) [27]. These figures represent a mortality of 5.7% among institutionalized persons, and

if excluded, the actual case fatality rate of COVID-19 is substantially underestimated. Some
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authors suggest that more than 20% of community-dwelling people over 65 years of age should

be classified as very high risk for COVID-19, and that the higher risk of older population is not

exclusive to those living in nursing homes [28]. Moreover, the results about seroprevalence in

institutionalized population are very heterogeneous and of a complex methodology. In nursing

homes of the United Kingdom, infection prevalences are above 60%, while in other contexts

they are about 33% [29–31]. In studies conducted in Spain, the prevalence of infection among

doctors and nurses who work in nursing homes doubles the prevalence in those working in

primary care (9.5% vs 5.5%) [32]. The analysis of 69 nursing homes (n = 3214 residents) in

Barcelona found a prevalence of infection by PCR+ of 23.9% [33]. It follows that, on the whole,

a higher seroprevalence should be expected in institutionalized population over 65 as com-

pared with those living in the community. In any case, this would mean an increased denomi-

nator of the case fatality rate (infections), so that the case fatality rate would be lower and close

to the lower value of the range estimated in our study.

The differences in the case fatality rates calculated with each method are important depend-

ing on the age group, and very heterogeneous depending on the CC.AA analyzed. The differ-

ent objectives of each method explain these differences at least partially. On the one hand, the

objective of the official COVID-19 death registration is to assess the impact of the prevention

and control measures implemented, and therefore this register is very restrictive as for the case

criteria; thus, the case fatality rate obtained is probably underestimated and can be considered

as a minimum value of case fatality rate. On the other hand, the objective of the MoMo register

is to detect the excess mortality over time, and the cause of death is not known for each partic-

ular case. When calculating the CFR-Mo, it is assumed that all excess mortality is attributable

to SARS-CoV-2 infection. The SARS-CoV-2 virus has been associated with different respira-

tory, cardiac, and neurological complications which can be direct causes of mortality [34–37].

On the other hand, there has been a decrease in emergency coronary angiography screening

and in stroke care in emergency departments, both in Spain and in other countries [38–40], so

MoMo may include causes of death other than SARS-CoV-2 infection. It could therefore be

understood that the MoMo register probably leads to an overestimation of case fatality rate,

and it can be considered a maximum case fatality rate attributable to SARS-CoV-2.

Although most CC.AA do not present significant differences in case fatality rate according

to the method used to estimate it, in Castilla La Mancha, Castilla y León, Cataluña, and Madrid

we find very significant differences, with a CFR-PCR+ much lower than the CFR-Mo. This

illustrates the problems arising from the structure of the Spanish healthcare system, where the

data provided by the CC.AA are not always comparable between the different CC.AA. It also

indicates the need for coordination and harmonization from the Ministry of Health, as some

Spanish researchers have already requested [41]. The five CC.AA with significant differences

in the case fatality rates estimated with each method have very diverse socio-demographic and

even socio-economic characteristics, and the only link found was that these CC.AA had the

highest SARS-CoV-2 infection prevalences estimated by ENE-COVID-19. It could be expected

that with a higher infection prevalence and a larger caseload, the saturation of the system

would lead to a higher case fatality rate, particularly among older population. However, the

correlation between the estimated infection prevalence and the CFR-PCR+ is small and even

negative in some cases. On the contrary, the correlation of the infection prevalence with the

CFR-Mo is higher than 33% and relevant for all age groups. Kenyon [42] finds a correlation

between the CFR-PCR+ and the estimated infection prevalence in population over 65 years of

age, as well as a higher case fatality rate in those CC.AA where the pandemic spread more

intensely and quickly, though this study does not estimate the CFR-Mo or analyze people over

75 years of age specifically. We consider, like other studies [43–45], that age and comorbidity
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have a more important role than the prevalence of infection, and that those can be the major

risk factors in the elderly.

Another key issue in our study emerges from comparing the difference between the

CFR-Mo and the CFR-PCR+ by age groups. We observe that this difference increases with

age, so that both ways of calculating the case fatality rate give similar results among people

under age 65, whereas in those over 74 the CFR-Mo nearly doubles the CFR-PCR+. In popula-

tion under 65 years of age, with a stronger immune system and a lower comorbidity, individ-

ual susceptibility may have been the key mortality factor [46,47]. Additionally, this group has

had in general greater accessibility to hospital care, with few out-of-hospital deaths, which

explains why there are no differences between both case fatality rates. On the other hand, the

older population, and especially those over age 74, with a less efficient immune system and

greater comorbidity [48–50], have had a poorer accessibility to hospitals, due to their personal

situation, to their disabilities, to their institutionalization, or to the different social and health

guidelines, which justifies a higher out-of-hospital mortality and the difference between the

CFR-Mo and the CFR- PCR+.

The variability across CC.AA within the same country is a constant feature in the develop-

ment of the pandemic, without clear reasons that explain it. In people under age 65, the differ-

ences between the CFR-PCR+ and the CFR-Mo are minimal between CC.AA. At age 65 and

older, and particularly in those over 74, the differences are more evident between CC.AA, but

given the wide ranges in the estimated infection prevalences, they do not reach statistical

significance.

In the analysis of the standardized case fatality ratio (SCFR), where the effect of the different

distribution by age groups has been controlled, the case of Andalucı́a stands out, which consis-

tently shows an overall case fatality rate lower than the national average. In contrast, La Rioja

shows an increased case fatality rate both overall and by age ranges, despite having an infection

prevalence below the national average–albeit the SCFR-Mo does not reach statistical signifi-

cance. The data from the Informes de Envejecimiento en Red (Networking Ageing Reports)

[51] indicate that the ratio of places in nursing homes per 100 inhabitants in this CC.AA is

higher than the national average (4.8 vs 4.1). In contrast, the CFR-Mo is lower than the

CFR-PCR+ in all age ranges, which can mean, as compared with other C.AA, that a larger per-

centage of deaths are in-hospital rather than in closed institutions. It could be suggested in this

case that the increased case fatality rate in this CC.AA might be related mainly to the character-

istics and saturation of the hospital system. A different situation can be the CC.AA of Asturias,

which shows a case fatality rate similar to the Spanish average in people under age 65, and the

second and third highest case fatality rate in age 65–74 and over age 74, respectively. The aver-

age age of the population of Asturias is higher than Spain’s, and with a greater prevalence of

comorbidities [12]. Taking into account that the CFR-Mo is above the CFR-PCR+, it is likely

that a dispersed population, a poorer accessibility due to orographic features, and comorbidi-

ties have been the causes of the high case fatality rate in older population, especially those insti-

tutionalized. In people older than 74, the difference between the CFR-Mo and the CFR-PCR

+ has been specially evident in Castilla La Mancha, Castilla y León, Asturias, Cataluña, and

Madrid. In these first two CC.AA, the ratio of places in nursing homes doubles the national

average [50], whereas in the last two C.AA, the increased case fatality rate in those over 74

years of age has its origin in the saturation of the hospital system and in the large absolute

number of institutionalized persons.

This study has some limitations. The coordination between the different C.A and the cen-

tral government can affect the report of deaths in the form of delays in some CC.AA. In order

to reduce this bias, we have collected information considering the week of 11 to 16 May instead

of a single date. On the other hand, the calculation of the case fatality rate with both methods
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has included household deaths and deaths in nursing homes. The case fatality rate in institu-

tions presents a wide variability between the different studies, and additionally, they do not use

a common methodology. Nevertheless, this strategy better reflects the pandemic and does not

represent a limitation for the comparison between CC.A. That every person who dies with a

positive diagnostic result for SARS-CoV-2 is considered a death attributable to covid19 implies

some classification bias. Additionally, when calculating the MoMo case fatality rate, we assume

that the total excess mortality is attributable to the SARS- CoV-2 infection. There are no avail-

able data yet that allow determining which cases of the excess mortality are a direct cause of

COVID-19, which are an indirect effect, and which are independent. However, it is likely that

this distribution of the excess mortality has not differed across the different CC.AA. potential

differences among Regions cannot be excluded. Although some potential differences among

Regions in protective variables like Vitamin D status, BCG vaccination, prevalence of latent

tuberculosis infection can not excluded, we believe that since there is a national program, these

differences do not significantly change the objectives of the study concerning comparisons

between Regions.

In conclusion, the estimated impact of the pandemic using only the case fatality rate by

PCR+ cases underestimates its severity, so a more appropriate method for comparing the case

fatality rate between CC.AA is the MoMo system. The population older than 75 present a case

fatality rate 130 times higher than the population between 20 and 65 years of age. As a result,

the protection of older population, especially those with cardiovascular or respiratory comor-

bidity, or diabetes, and those institutionalized in nursing homes, should be a priority in the

healthcare strategy. The key feature of the first wave in Spain was the comprehensive lockdown

for all the population, without differences between Regions. This is an excellent opportunity

for another study to compare the effect of a single strategy as opposed to different strategies, as

happened later on in Spain during the subsequent waves.
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